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RESEARCH  TRIANGLE  INSTITDTE 
Post  Office  Box  490 
Durham,  North  Carolina 


Su—ry  of  Flnil  Report 
I.  IRI  MFSS 

In  Riasc  1  of  che  Hatlonal  Fallout  Shalter  Survey  (MFSS),  all  buildlnga 
in  the  United  Statea,  except  aingle  fanily  dwellings,  thought  to  have  a  protection 
factor  (PF)  of  20  or  norc  and  apace  to  shelter  50  or  aiore  people  were  surveyed. 
This  was  done  by  Architectural-Engineering  (AE)  firms  under  contract  to  the  Army 
Corps  of  Engineers  or  Havy  Bureau  of  Yards  and  Docks  to  determine  the  current 
capabilities  and  capacities  of  structures  as  shelter  from  radioactive  fallout. 
Through  these  efforts  approximately  3?S, COO  individual  facilities  were  surveyed 
and  about  119  million  spaces  affording  a  protection  factor  of  40  or  better  were 
located  [Reference  1]. 

Based  on  the  results  of  the  Phase  1  survey,  contractors  subsequently  in 
Phase  2  of  the  NFSS  evaluated  designated  facilities  to  determine  the  feasibility 
and  cost  of:  (1)  increasing  shielding  to  provide  a  prescribed  minimum  protection 
factor;  (2)  improving  habitability  to  meet  minimum  specifications;  and  (3)  increas¬ 
ing  shelter  capacity.  Shelters  deemed  acceptable  also  were  marked  with  fallout 
shelter  signs  in  Phase  2.  Approximately  73  million  shelter  spaces  had  been  marked 
by  April,  1965  [Reference  2]. 

Facilities  indicated  in  Phase  1  to  provide  shelter  for  50  or  more  people, 
and  having  a  protection  factor  in  the  40  to  99  range,  were  evaluated  in  Phase  2 
to  determine  if  it  were  feasible  from  engineering  and  structural  standpoints  to 
make  shielding  improvements  to  bring  the  protection  factor  up  to  at  least  100.  It 
was  also  the  responsibility  of  the  contracting  AE  firm  to  estimate  the  cost  of  such 
modifications  and  to  compute  the  number  of  acceptable  spaces  that  could  be  added 
through  shielding  Improvements. 
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To  b*  habitable,  ahaltara  within  tha  facilitiae  under  conaidaratlon  in  Phaa*  2 
ha  NfSS  had  to  meat  tha  following  a^ciflcationa  [Rafaranca  3]t 

Flooy  Area;  At  laaat  10  aquara  faat  of  nat  ahaltar  apaea  par  paraon. 

2.  Haadroon;  A  nlnlnuo  of  6^  faat  for  at  laaat  50  parcant  of  tha  occupanta 
and  not  laaa  than  4  faat  for  tha  ramaindar. 

3.  Ventilation;  Three  cfm/paraon  of  fraah  air. 

4.  Lighting:  Two  foot-candlea  at  floor  level. 

t  I 

In  all  aheltera  where  there  waa  an  inadequate  asKxint  of  Incasing  fraah  air 
or  the  ahelter  was  of  such  construction  that  re-circulation  of  air  was  below  the 
niun  requirements,  the  contractor  waa  required  to  astlnata  the  costs  and  faaai- 
ty  of  providing  outlets,  exhaust  ducts,  and  adequate  filters  to  bring  each  ahal- 
under  survey  •':>  to  a  habitable  level.  In  Phase  1  of  tha  NFSS  the  capacity  of 
a  shelters  considered  to  have  inadequate  ventilation  was  calculated  on  tha  basis 
p  to  500  cubic  feet/parson  rather  than  10  square  fect/peraon.  Shelters  of  this 
%iere  normally  in  stories  above  ground  in  windowless  structures  or  in  stories 

w  ground  level.  In  Phase  2  the  AE  firms  computed  the  additioeal  spaces  which 

i 

d  be  provided  if  all  shelters  that  were  presently  deficient  on  the  basis  of 
nation  could  be  adequately  ventilated  and,  consequently,  their  capacities 
d  be  determined  on  the  basis  of  10  square  feet/person.  These  additional  spaces 
h  can  be  added  thrcxigh  ventilation  Improvements  are  referred  to  as  "spaces 


II.  THE  PKOBLEM 


PhtM  2  of  tho  NFSS  Indlcatod  that  about  SO  ■llllon  fallout  ahaltar  apacaa 
could  ba  addad  to  cha  national  invantory  of  apacaa  juat  by  an  iatprovaawnt  of 
vantllatlon  In  axiating  ahaltara  ahlch  uara  indicatad  to  afford  a  protaction  factor 
of  40  or  aoror 

Although  a  great  deal  of  data  pertaining  to  the  ventilation  problem  vaa 
generated  from  Phaae  2  ef forte,  not  all  of  the  data  relevant  to  the  problema  of 
ventilator  dealgn  were  obtained.  In  fact,  auch  critical  determinants  aa  data  on 
how  sheltera  are  currently  partitioned,  the  distribution  of  the  number  of  rooms 
within  shelters  according  to  aisa,  the  slsa  of  outside  apertures  in  rooms,  and  the 
proportion  of  rooms  through  which  fresh  air  could  be  drawn  from  the  outside  or 
through  which  stale  air  could  be  eidiausted  from  the  shelter  were  not  provided 
through  the  work  done  in  Phase  2.  All  of  these  data,  as  well  as  many  other  types 
of  information^  serve  as  determinants  for  arriving  at  an  estimate  of  the  number  and 
sixe  of  ventilators  required,  as  well  as  having  direct  bearing  on  the  actual  design 
of  the  ventilators. 
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III.  METHOD  or  AFPHOACa 


To  aaaltt  ch«  Office  of  Civil  Dofena*  in  cha  daaifn  of  Package  Vantilacioo 
Cica  (FVK),  the  Reaearch  Triangle  Inaticuce  haa  deterained  the  configuration  of  a 
laoiple  of  158  facilitiea  (aurveyed  in  Phaae  2  of  the  MFSS)  requiring  additional 
rcntilation  and  analyted  data  collected  on  theae  facilitiea.  Eeaulta  froa  thia 
laaiple  arc  adequate  for  making  eatietatea  on  the  national  level;  however,  due  to  the 
aaell  number  of  buildinga  in  each  OCO  Region  and  the  reaulting  large  relative 
trror,  Regional  estimatea  ahould  not  be  made. 

In  addition  to  baaic  data  neceaaary  to  apecify  the  nuad>cr,  aixe,  and  type  of 
'entilatora,  other  data  neceaaary  to  determine  appropriate  locationa  of  FVK'a 
rithin  ahelter  areaa,  air  duct  lengtha,  and  air  outlata  were  collected.  Pertinent 
•ortiona  of  theae  data  are  auenarized  throughout  thia  report.  Data  for  each  cample 
‘acility  aurveyed  were  previoualy  aent  to  OCD  in  the  form  of  an  individual  data 
:ollection  form,  together  with  detailed  plan  view  aketchea. 

Alao  included  in  thia  report  are  tablea  deacribing  certain  characteriatica 
'elated  to  shelter  uae.  Theae  data,  though  not  a  part  of  the  primary  taak  of 
iro*/lding  information  neceaaary  for  the  deaign  of  a  ventilator,  will  provide  aome 
nalght  to  thoae  engaged  in  operational  planning.  Included  in  thia  group  of  data 
s’  Information  on  structural  characteriatica,  NFSS  and  non>MF£S  food  and  medical 
lupply  locationa,  the  availability  and  acceaaibility  of  telephones,  radios,  water, 
ire  fighting  equipment,  and  bedding  materials,  and  an  appraisal  of  how  well  the 
helter  area  could  be  adapted  to  allow  sleeping  ,  to  isolate  the  sick,  and  to  provide 
oilet  facilities. 
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IV.  SUttIMLT  OF  miDIMGS  RELATED  TO  VENTILATION 


According  to  data  avallabla  froa  OCD  in  June  1964,  It  la  astlnatad  that  thera 
ara  138,000  facllltlaa  that  raqulxa  yantllatlon  Inprovaunts  In  the  universe  of 
216  SMSA's.  Baaed  on  the  statistical  saopla  of  facilities  surveyed,  it  Is 
estlmtad  that  these  facilities  have  a  potential  for  adding  a  total  of  55  million 
shelter  spaces  throu^  ventilation  Is^roveisents ;  when  added  to  the  existing  spaces 
In  stories  requiring  ventilation,  this  gives  a  total  of  66  million  spaces.  These 
facilities  are  estimated  to  contain  over  1  million  chambers  (rooms)  requiring  ven¬ 
tilation.  In  ar.  estimated  22  percent  of  these  facilities,  no  chambers  In  the 
shelter  area  requiring  ventilation  have  exterior  walls  with  apertures,  while  18  per¬ 
cent  of  them  have  exterior  walls  with  apertures  In  all  chambers  In  stories  requiring 
ventilation.  It  Is  estimated  that  33  percent  of  all  shelter  stories  requiring  ven¬ 
tilation  are  of  a  basic  single  room  type.  Also,  It  Is  estimated  that  84  percent  of 
all  shelter  spaces  added  through  ventilation  improvements  are  In  basements  or  sub¬ 
basements. 

Data  gathered  by  RTI  indicate  that  approximately  38  percent  of  the  facilities 
have  less  than  100  spaces  added,  that  82  percent  have  less  than  500  spaces  added, 
and  that  virtually  none  have  more  than  10,000  spaces  added. 

About  7  percent  of  the  spaces  added  are  in  facilities  with  less  than  100  spaces 
added  and  36  percent  are  In  facilities  with  less  than  500  spaces  added;  therefore, 
about  64  percent  are  In  facilities  with  more  than  500  spaces  added. 

The  median  number  of  chambers  (rooms)  In  .a  facility  Is  between  3  and  4  and  the 
majority  of  the  chambers  (73  percent)  have  a  shelter  capacity  of  less  than  50  people 
on  a  ten-square-foot-per-person  basis.  Only  about  4  percent  of  the  chambers  have 
a  capacity  of  more  than  200  people,  but  they  contain  approximately  45  percent  of 
the  total  spaces. 

Various  cumulative  frequency  distributions  axe  plotted  In  this  report,  giving 
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•cributlun  of  apcrCurca  and  aptrCurc  art*  In  tha  facility  and  In  Cha  individual 
rs.  Nuowrous  conclufions  can  ba  darivad  tram  thaaa  curvaa.  For  axaaipla: 

[1)  About  half  of  tha  facilitiaa  having  axtarlor  walla  with  apaxtturaa  (in 
atoriaa  raquiring  vantilation)  ara  aatiiaatad  to  hava  anra  than  ona  apartura 
par  350  aquara  faat  of  uaabla  ahaltar  araa,  and  vary  faw  facilitiaa  hava 
ona  or  nora  aparturaa  par  100  aquara  faat  of  uaabla  ahaltar  araa; 

[2)  Alooat  half  of  all  facilitiaa  with  apacaa  addad  hava  3  or  aera  aquara  faat 
of  apartura  per  100  aquara  faat  of  uaabla  ahaltar  araa,  and  virtually  no 
facilitiaa  with  apacaa  addad  hava  oora  than  20  aquara  faat  of  apartura 
per  100  aquara  faat  of  uaabla  ahaltar  area; 

,‘3)  Of  tha  chanbara  having  exterior  walla  with  aparturaa,  a»at  hava  between 
ona  and  10  aparturaa  par  1,000  aquara  faat  of  total  chaobar  area; 

[4)  Of  thaaa  aama  chanbara,  moat  hava  between  1  and  30  aquara  feat  of 
apartura  per  100  aquara  feat  of  total  chamber  azaa. 
in  impx^rtant  raault  derived  from  the  data  ia  that  of  the  55  million  apacaa  that 
!  added  through  vantilation  improvementa,  only  20  million  ara  located  in  SlSA'a 
they  ara  needed  to  ahaltar  tha  population  of  tha  SMSA  in  which  they  ara 
id  if  all  identified  apacaa  ara  uaed.  Tha  remaining  35  adllion  apacaa  ara  in 
I  auch  that  either : 

'1)  There  are  aufficient  exlating  apacaa  for  tha  SMSA  population  (in  which 

caae  aome  exiatlng  apacaa  and  all  of  tha  apacaa  addad  throu^  vantilation 
may  not  be  needed) ,  or 

C2)  there  are  not  aufficient  axiating  apacaa  for  tha  SMSA  population  but  not 
all  of  the  apacaa  addad  through  vantilation  may  ba  needed  to  provide 
complete  coverage. 

)aaad  on  April  1965  information,  53  percent  of  tha  located  facilitiaa  hava  bean 
led,  57  percent  hava  been  marked, and  39  percent  hava  bean  atockad  [Reference  2]. 
^out  thia  report  tha  term  "axiating  apacaa"  ia  uaed  interchangeably  witii  tha 
'identified  apacaa." 
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